It is well recognized that, in estimating secular trends of cancer mortality, the changing age-structure of the population must be taken into account. In England and Wales the proportion of the population in the older age groups has been steadily increasing; for example, in 1956-59, 53 per cent. of the female population were over 35 years of age, as compared with 41 per cent. in 1921-25. This increase is attributable to two causes: first, the falling mortality in lower age groups consequent upon improvements in public health and the treatment of infectious diseases; secondly, the decline in the birth-rate which took place between 1901 and 1931.
To allow for these changes in age-structure, it is customary to calculate mortality indices on a standard population which may be either hypothetical, or the population as it actually existed in a given year. Thus the standardized death rates published by the Registrar General were obtained by applying the age-specific rates in the current year to the 1901 population. The Comparative Mortality Index, which was introduced by the Registrar General in 1941, is the ratio of the rate in the current year to that in 1938 when both have been standardized on the mean of the proportionate age-distributions of the populations living in the two years. Both these measures of mortality therefore aim to present secular changes with the effects of changing age-structure eliminated. Thus, over the past decades, it has been shown that cancer mortality has been decreasing in women, but increasing in men, although male cancer mortality has also been decreasing if deaths from cancer of the lung are omitted. These trends in the mortality indices have been paralleled by the life experience of successive cohorts as demonstrated by Case (1956) .
In considering mortality rates, it may be of considerable interest and importance to separate out the two influences on age-structure mentioned above. For example, we may ask a different question from the one which standardized death rates and comparative mortality indices are designed to answer. We may wish to know whether the increased age of the population due to decreased mortality in younger age groups has in any way been compensated for by the decreasing cancer mortality mentioned above, and in particular, whether the chances that an individual ultimately dies from cancer have been increased by improvements in public health and the successes of medical science in treating infectious and other diseases.
One method of answering this question would be to construct life-tables for successive cohorts showing the number of deaths from cancer at each period of life. Thus the ratio, R, of the total deaths from cancer to the total number commencing in the cohort is the probability of ultimately dying from cancer. To perform this calculation on any one cohort, the agespecific mortality rates from cancer and all causes of death are required over a period of about 80 years, and reliable data over such an extended period is not as yet available. It is probable, for example, that the recorded deaths from cancer in England and Wales need considerable correction before 1900 (Cherry, 1925) .
Errors in the diagnosis recorded on death certificates still occur (seeWynne-Griffith and Morgan, 1961 for a report of a recent investigation), but the overall cancer mortality rates since 1921 are not likely to be so much in error that useful information may not be obtained from studying their trends. A comprehensive set of age-specific mortality rates has been calculated by Case and Pearson for the period 1911 to 1955 and published in "Cancer Statistics for England and Wales, 1901 -1955 " (1957 , but these do not enable any one cohort to be followed completely J. L. HAYBJITLE from birth to death. Even if we restrict our inquiry to asking what is the probability of an individual's ultimately dying from cancer having reached a certain age (say 40), we can still only calculate this probability for one cohort. An alternative approach therefore seems desirable. The method of analysis suggested in this paper, while not able to provide the exact information that cohort analysis will eventually make available, does enable us to obtain at a much earlier date an approximate answer to the question that has been propounded. Weighting factors for use with quinary-quinquennial age-groupings have been calculated from the births during the appropriate 9 years that form a quinary-quinquennial group (see Case (1956) for diagram showing how the groups are formed), giving weight to each year in proportion to the amount it contributes towards the formation of the group. As registration of births did not begin until 1837, the factor for 1836 was obtained by linear extrapolation. These factors were then applied directly to the midyear populations given in "Cancer Statistics for England and Wales, 1901 -1955 " (1957 . Thus the 1921 factor was used to multiply the numbers in the 0-4 age group in 1921-25, the 5-9 age group in 1926-30, the 10-14 age group in 1931-36, and so on. Calculations have been extended to cover also the 4-year period 1956-59, figures for 1960 not being available at the time when this work was carried out. The hypothetical population so obtained will for convenience be referred to as a "birth-standardized" population. The composition of the birth-standardized populations from 1921-59 is shown in the Table  (opposite) . 91-1901-1911-1921-1931-1941 (1885) estimnated that between 1837 the proportions of the actual population over 35 and and 1876 the proportion of unrecorded births over 55 years of age have been increasing consider-amounted to only about 5 per cent., and that since ably, and this increase is maintained in the female 1876 the proportion had been much less. It is feasible birth-standardized population, but to a much smaller that in the first years of registration the deficiency of degree. In fact, about. three-quarters of the increase the records was more than 5 per cent., although in in the actual population is attributable to the birth-1842 the Registrar General in his 4th Report sugrate variations. In males, however, the actual increase gested that the numbers omitted amounted to only is seen to be -less than for females, and the propor-"several thousands", this in a total' registration of tions of the birth-standardized populations over 35 about 500,000. The . I 1921-1926-1931-1936-1941-1946-1951-1956 -1926-1931-1936-1941-1946-1954-1956 -1926-1931-1936-1941-1946-1951-1956 FiG Fig. 4 , or alternatively that the births had been continually decreasing during the period before 1901 as shown by the line AOB in Fig. 4 (overleaf) .
Populations and mortality rates corresponding to these assumptions have been calculated for 1921-59, in the same manner as the birth-standardized data, but using a different set of weighting factors. Fig. 5  (overleaf Fig. 5 .
The crude female cancer mortality rates that would have arisen from these hypothetical patterns of annual births are shown in Fig. 6 . It may be seen that the mortality rate arising from either a continually increasing or a continually decreasing number of births per year would have changed much less markedly than did the observed rate, and that, had we experienced a period of decreasing -1926-1931-1936-1941-1946-1951-1956 -1926-1931-1936-1941-1946-1951- We may now return to the question that we asked earlier, and inquire how the chances of ultimately dying from cancer have changed for the individual. In a birth-standardized population every cohort starts off with the same number of persons, and if the probability of dying from cancer in each cohort MA LES remains constant, then the ratio, R', of cancer deaths to total deaths in successive years will also remain constant. (The relationship between R and R' when R is changing will be discussed in the next section.) This ratio is plotted in Fig. 7 for the whole population and also for those over 35 years old. It may be seen that the ratio for both sexes of all ages has increased steadily over the period studied. For 1956 1921-1926-1931-1936-1941-1946-1951-1956 Fio. 7. 1921-1926-1931-1936-1941-1946-1951 (Smithers, 1960) . Two possibilities could effect this prediction. One is a marked advance in the treatment of some disease other than cancer that is at present responsible for a large proportion of deaths at ages over 35. So far it would appear that reductions in agespecific rates for female cancer have been of the same order as the reductions that have occurred in the rates for other diseases in persons over the age of 35. The second possibility is that the trend of cancer death rates will be changed so that the female picture becomes similar to the male. It may be seen in Fig. 7 that the ratio for males over 35 has continued to increase over the whole period, this trend being entirely accounted for by deaths attributed to cancer of the lung. The age-specific rates for lung cancer have also been increasing in females (Case, 1956) . Should lung cancer become a predominant cause of death in females, then the fall in age-specific rates for all types of cancer may be slowed and eventually reversed, and the probability that females ultimately die from cancer will then continue to increase. On the other hand, the curve for males over 35 years old in Fig. 7 shows some signs of becoming less steep, and may therefore also be approaching an equilibrium value in spite of the lung cancer "epidemic".
The mortality figures for the next decade will be of particular interest, as they will show whether the constancy of the over-35 curve for females and the flattening of the over-35 curve for males are only temporary phenomena, or whether these trends are likely to be maintained. The joining up of the all-ages curves with the over-35s curves may also be achieved after another 10 years have elapsed.
RELATIONSHip BETWEEN R AND R'
The relationship between the ratio, R, of cancer deaths to deaths from all causes in a cohort, and the corresponding ratio, R', in the birth-standardized population at any time may be set out formally as follows:
Let No = Number of live births per year, which is assumed constant; Nt = Number of a cohort alive at an age t, i.e. Nt/NO is the proportion surviving to age t; T = Time in years measured from some arbitrary origin; To = Time at which R' is calculated.
The age-specific mortality rates from all causes of death will be a function of the age, t, for which the rate applies, and the time, T, at which the cohort was born. Let it be represented by a function F(t, T).
1 dNt and by integration f rt )
Let the age-specific mortality rate for deaths from cancer be represented by a function f(t, T). dNc= f(t, T), where dNc is the number of cancer deaths between the ages of t and t +dt.
The total deaths from cancer in a cohort born at time, T, is therefore
To obtain an expression for R', consider first the deaths per year between the ages of t and t +dt at time To. These will occur in the cohort born at time To -t, and we may therefore write: doubling time of 7-5 years, which is a reasonable approximation to the slope of the curves of log age-specific mortality for deaths from all causes against age for age groups above 55. It was found that the value of Y/X was comparatively insensitive to variations of both K and A'. Thus for A' =0 * 055 years -1 (doubling time of 12 -5 years), Y/X varied from 62 -0 to 66 -4 years as Kvaried from 7 * 5 x I0 -5 to 50 x 10-5. A reasonable value for K for the England and Wales female cohort born in 1871 would be about 6 * 4 x 10 -5. Keeping Kconstant at 6 * 0 x 10 -5, it was found that Y/X varied from 58 * 6 to 67 * 8 years as A' increased from 0-035 to 0-065 years-1. Thus, in this very idealized case, the value of R' would equal the value of R in a cohort born about 60 years earlier, whereas the complete cohort information would only be available on those born up to a date about 85 years earlier than the time at which R' is determined.
Case 3.-If F(t, T) varies with T, while f(t, T) remains constant for each cohort, then the expressions for R and R' cannot be further simplified in any useful manner, and an empirical approach has therefore been made. Fig. 8 (overleaf) shows the mortality curves for a series of hypothetical cohorts bom at 10-yearly intervals. only the cohorts up to, and including, Cohort 10 would have been available. Thus the curve of R would have only reached point A (T= 120 years), and there would be no sign as yet of the reduction of the rate of increase of R, and the constant value that was eventually going to be reached.
This third case is the most nearly analogous to what has taken place in England and Wales during the last century. Death rates from all causes have fallen strikingly, particularly in the younger age groups, while the age-specific death rates from cancer have remained relatively constant. If the cancer death rates in older age groups now decrease in such a way as to keep pace with the fall in the death rates from all causes, then the rise in R would cease. Taking into account the time-lag, we might consider that the trend of R' in Fig. 7 for females shows that R may turn out to be approximately constant for the generations who have been born since 1931.
DIscussIoN
The object of this investigation was to see whether the mortality data for England and Wales lent any support to the prevailing opinion that improvements in life expectancy, brought about by improvements in public health and medical treatment, are partly responsible for the increase in crude cancer mortality rates, and are providing the individual with an everincreasing chance of ultimately dying from cancer. Smithers (1960) has already been quoted as an example of this opinion. Two other examples from United States sources are also worth quoting. Hammond (1959) , in a paper discussing trends in cancer death rates and cure rates, shows that, in a number of countries including England and Wales, the crude cancer death rate has increased from 1930 to 1956. He then goes on to say that this increase is "due in large measure to the fact that the population ... has become older, on the average, as a result of the improvement in life expectancy coupled with changes in birth rates". The other example is from a manual for students and physicians on human cancer by Black and Speer (1957) , which opens with these remarks: "Each year, in the United States alone, more than 200,000 men, women, and children die of 
